OBJECTIVE -Diabetes is associated with increased urinary incontinence risk. Weight loss improves incontinence, but exercise may worsen this condition. We examined whether an intensive lifestyle intervention or metformin therapy among overweight pre-diabetic women was associated with a lower prevalence of incontinence.
T ype 2 diabetes and urinary incontinence are chronic, common, and costly disorders. While ϳ18 million adults in the U.S. have diabetes, estimates of adults with pre-diabetes, defined as impaired glucose tolerance and/or impaired fasting glucose (1, 2) , range from 17 to 43 million. Recently, large randomized controlled trials have shown that diabetes can be prevented by intensive lifestyle intervention in this high-risk pre-diabetic group (3, 4) Urinary incontinence, present in nearly 50% of middle-aged and older women, results in psychological stress and social isolation and has a profound effect on quality of life (5, 6) . The costs of incontinence are substantial, accounting for up to $32 billion per year in the U.S., greater than the annual direct costs for breast, ovarian, cervical, and uterine cancers combined (7, 8) .
Type 2 diabetes is associated with a 50 -70% increased risk of incontinence in women (5,9,10). There have been no studies to determine whether nondiabetic women with abnormal glucose levels (pre-diabetes) are at increased risk for incontinence. Weight reduction and increased physical activity in individuals with pre-diabetes decreases the risk of type 2 diabetes (3, 4) . Weight reduction in obese women with incontinence has been shown to significantly decrease incontinence in small prospective studies (11) (12) (13) . However, some studies have reported that increased physical activity worsens incontinence and that incontinence may be a barrier to exercise (14, 15) .
We therefore examined data from 1,987 overweight women at high risk for diabetes who were enrolled in the Diabetes Prevention Program (DPP) to determine whether an intensive lifestyle intervention with improved diet and increased physical activity or metformin therapy would be associated with lower prevalence of urinary incontinence compared with a standard lifestyle intervention alone.
RESEARCH DESIGN AND METHODS -The design, methods, baseline characteristics (16) , and main findings (3) of the DPP have been published previously. Briefly, the DPP was a randomized controlled trial conducted at 27 clinical centers in the U.S. to evaluate whether intensive lifestyle intervention or treatment with metformin would prevent or delay the onset of type 2 diabetes. Eligibility criteria at baseline included age at least 25 years, BMI Ն24 kg/m 2 , a fasting plasma glucose level 95-125 mg/dl, and a 2-h postchallenge glucose level 140 -199 mg/dl. People who were taking medications that could affect glucose tolerance or who had serious medical illness were excluded. By design, approximately half of the participants were from racial/ethnic minority groups. The three interventions included an intensive lifestyle intervention, metformin at 850 mg twice daily, or placebo twice daily. All participants received standard lifestyle recommendations, including written information and an individual meeting that emphasized a healthy diet, reduced weight, increased activity levels, and smoking cessation, at baseline and annually. The goals of the intensive lifestyle intervention were to lose and maintain at least 7% of initial body weight through a low-fat diet and to engage in moderate-intensity physical activity for at least 150 min each week. Details of the behavioral and educational curriculum have been published previously (17) . The DPP was closed early after 2.9 years when lifestyle changes and metformin treatment had each reduced the incidence of diabetes (3).
Data collection
At the baseline examination, all participants completed a questionnaire reporting sex, age, self-identified race/ethnicity, smoking history (current, past, or never), and alcohol use (drinks per week). They answered questions regarding other physician-diagnosed medical conditions, self-rated overall health status, parity, menopausal status, hormone therapy use, and hysterectomy. All participants brought in medications they were currently using and a complete medication inventory was ascertained.
Body weight, height, waist circumference, and systolic and diastolic blood pressure were measured at designated clinical visits during the trial. Weight was measured in kilograms using a standard balance beam scale, height was measured in centimeters using the height rod attached to the standard balance beam scale or a stadiometer, and BMI (weight in kilograms divided the square of height in meters) was calculated. Waist circumference was measured using a flexible tape measure at the minimum circumference between the iliac crests and lower ribs. Physical activity was assessed at baseline and annually with the Modifiable Activity Questionnaire (18) and was calculated as the product of the duration and frequency of each activity, weighted by an estimate of the metabolic equivalent of that activity and summed for all activities, resulting in estimated average metabolic equivalent (MET) hours per week. Incident diabetes, the primary DPP outcome, was diagnosed by annual oral glucose tolerance test or a semiannual fasting plasma glucose test according to the 1997 American Diabetes Association criteria (19) .
Outcome ascertainment
Urinary incontinence was determined at the end-of-trial visit using a selfadministered questionnaire modified from validated questions used in previous studies (20 -22) . Frequency of incontinence was assessed by the question, "In the past 12 months, how often have you leaked even a small amount of urine?" (none, less than monthly, monthly, weekly, or daily). For participants with weekly or more frequent incontinence, type of incontinence was assessed by asking the question, "In the past 7 days, how many times, on average, did you leak urine. . ." ". . . during activities like coughing, sneezing, straining, laughing, or lifting?" (stress incontinence), ". . . after an urge to urinate but could not get to the bathroom fast enough?" (urge incontinence), and ". . . for other reasons (without an urge to urinate or without an activity)?" (other incontinence). Responses were recorded as times per week. The primary outcome of interest was incontinence that occurred at least weekly because it is clinically relevant.
Because urinary incontinence is a disorder primarily affecting women, we excluded all men from this analysis. Of the 2,191 women enrolled in the three arms of the DPP, we excluded 234 (11%) women with missing urinary incontinence data, leaving a total of 1,957 women for this analysis. Women missing data on urinary incontinence did not differ in incident diabetes, mean weight change, or mean change in physical activity overall or within treatment groups compared with women with completed urinary incontinence data.
Statistical analysis
Women in the three treatment groups who contributed information on incontinence were compared in terms of baseline variables using 2 tests, ANOVA, and Kruskal-Wallis, as appropriate. Prevalence of incontinence, both overall and by type, was compared across these three groups at the end of the trial using 2 tests for heterogeneity; since the overall test was statistically significant, pairwise comparisons of the lifestyle and metformin arms with placebo were conducted without adjustment of the significance level. Differences in the effects of the lifestyle intervention on incontinence across subgroups defined by baseline variables were assessed using logistic models. In these models, effects of the intensive lifestyle intervention were compared across subgroups using appropriate linear contrasts in the estimated log odds ratios (ORs) for the lifestyle versus placebo comparison; for ordinal subgroup variables including age, BMI, waist circumference, and leisure time activity, we examined trends in this parameter, while for race/ethnicity, we assessed heterogeneity across groups. The mediation of the effects of the lifestyle intervention on prevalence of weekly stress incontinence was examined using nested logistic models in which proposed mediators were added in a predetermined sequence to the basic unadjusted model comparing the lifestyle intervention to placebo. Mediation was then informally assessed by the degree of attenuation of the odds ratios for the intensive lifestyle/ placebo comparison.
RESULTS -Equal proportions of the 1,957 women were randomized to each intervention group. Women were on average 50 years of age (Ϯ10 years, range 26 -84), with a BMI of 35 kg/m 2 and a waist circumference of 104 cm ( Table 1) . The treatment groups were balanced with regard to all demographic, ethnic, behavioral, body composition, reproductive, and metabolic characteristics. The only baseline variables that differed significantly by treatment assignment were prevalence of hormone therapy and selfrated general health status. More women in the metformin intervention were using hormone therapy than those in the intensive lifestyle intervention or placebo groups (P ϭ 0.01), and a higher proportion of women assigned to intensive lifestyle therapy reported excellent or very good general health than those in the other two groups (P ϭ 0.02).
The average change in weight for women in the intensive lifestyle group was Ϫ3.4 Ϯ 8.2 kg vs. Ϫ1.5 Ϯ 7.6 kg in the metformin group vs. ϩ0.5 Ϯ 6.7 kg in the placebo group (P Ͻ 0.001). The average change in leisure-time physical activity was highest in the intensive lifestyle group (5.2 Ϯ 19.9 MET h/week vs. 0.8 Ϯ 18.0 in the metformin group and Ϫ0.3 Ϯ 20.7 in the placebo group, P Ͻ 0.001). Women in the intensive lifestyle group had the lowest incidence of diabetes over the mean 2.9 years of follow-up (14.9% vs. 23.9% in the metformin group and 30.9% in the placebo group, P Ͻ 0.001 comparing three groups).
At the end-of-trial visit, the overall prevalence of weekly incontinence differed significantly by treatment. Fewer women in the intensive lifestyle intervention had weekly incontinence compared with women in the metformin or placebo groups (38.3% vs. 48.1% vs. 45.7%, respectively, P ϭ 0.001). After adjusting for Less urinary incontinence with lifestyle change baseline hormone therapy use, general health status, and 2-h postchallenge glucose categories, women randomized to intensive lifestyle therapy had significantly lower odds of weekly urinary incontinence compared with women assigned to placebo (OR 0.76 [95% CI 0.61-0.95]). The prevalence of weekly incontinence by type (stress or urge) by treatment group is shown in Table 2 . While estimates were similar for urge incontinence in each of the three groups, weekly stress incontinence was significantly lower in women assigned to intensive lifestyle therapy compared with the other two groups (P ϭ 0.006). The apparent beneficial effect of lifestyle intervention on weekly stress incontinence did not differ by age categories, race/ ethnicity, BMI, waist circumference, or physical activity at baseline (Table 3) . Metformin therapy had no effect on the prevalence or odds of total weekly urinary incontinence Intensive lifestyle intervention was associated with a 20% reduction in the odds (OR 0.80 [95% CI 0.64 -1.01]) of weekly stress incontinence compared with placebo after adjusting for baseline covariates. We performed sequential models adjusting for possible mediators of this association. In combination, incident diabetes, percent changes in physical activity, and weight explained 35% of the treatment effect (Fig. 1) . Percent change in weight accounted for almost all of the treatment effect explained, with change in exercise and incident diabetes each explaining ϳ5%. Similar results were obtained when absolute change or end-ofstudy values rather than percent change in the mediators were added to the models. CONCLUSIONS -After ϳ3 years, overweight women at risk for diabetes who were assigned to intensive lifestyle Data are n (%). *P for comparison between intensive lifestyle intervention and placebo and between metformin therapy and placebo. †P for overall comparison. UI, urinary incontinence.
modification had significantly lower prevalence of total (stress or urge) weekly urinary incontinence compared with women assigned to metformin or placebo. This result appeared to be due to differences in weekly stress incontinence. The beneficial effect was comparable across subgroups. Weight loss was the most important mediator of the beneficial effect of the intensive lifestyle change program on stress incontinence. Weight reduction has been shown to improve incontinence in morbidly obese women undergoing bariatric surgery and in moderately obese women in weight-reduction programs (11) (12) (13) . Presumably, increasing body weight causes increased abdominal weight, increased intra-abdominal pressure, and increased intravesicular pressure and urethral mobility, resulting in incontinence (12) . Studies have shown that a 5-10% weight loss in women with urinary incontinence resulted in marked improvement of incontinence, and it has been suggested that improved incontinence may motivate overweight and obese women to lose weight (11, 13) . Increased physical activity did not significantly affect the beneficial treatment effect of the intensive lifestyle intervention on urinary incontinence. In other studies, over 40% of middle-aged women reported leaking urine during exercise, and a similar proportion reported avoiding exercise because of urinary incontinence (14) . Running and high-impact aerobics have been reported as the most common forms of exercise associated with incontinence (15) . It has been suggested that walking is less likely to provoke incontinence and therefore is a more common form of exercise chosen by women with incontinence. A majority of the subjects in the intensive lifestyle intervention arm of the DPP chose walking as their physical activity.
Although type 2 diabetes increases risk for incontinence, it is not surprising that incident diabetes among the DPP treatment groups did not mediate the benefit observed in urinary incontinence with lifestyle intervention. The early detection of diabetes in the DPP was associated with blood glucose levels that are not usually high enough to cause an osmotic diuresis. Moreover, microvascular complications associated with type 2 diabetes that may damage the innervation of the bladder or alter detrusor muscle function (23) (24) (25) have not occurred in early disease. For similar reasons, pre-diabetes most likely does not promote incontinence.
The DPP had a diverse population of women in a wide age range and excellent measures of body weight, physical activity, and incident diabetes through the trial, but we did not have baseline measures of urinary incontinence and could not examine net improvement in incontinence symptoms. However, since the groups were balanced with respect to most variables, there is no reason to suspect that these groups would have differed in relation to urinary incontinence prevalence at baseline. Adjustment for the three variables that were imbalanced by group at baseline did not materially alter the results. Another potential limitation includes limited power to evaluate modification of treatment effect by various baseline covariates.
In conclusion, women at high risk for diabetes who were randomly assigned to an intensive lifestyle intervention involving weight loss and exercise had a substantially lower prevalence of stress urinary incontinence. Increased lowimpact exercise did not appear to have an adverse effect on incontinence. Health care providers may use the message that weight loss and lifestyle intervention may lower the risk of urinary incontinence. Lower prevalence of urinary incontinence may be a powerful motivating factor for women with pre-diabetes to choose a lifestyle modification in order to prevent diabetes.
